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Description 

[0001] The present invention relates to a device and 
method for compensating burn-in effects on display de- 
vices containing a plurality of luminous cells. Particularly 5 
the present invention relates to a bum-in compensation 
for Plasma Display Panels. 

Background 

[0002] A Plasma Display Panel (PDP) utilizes a matrix 
array of discharge cells which can only be "ON" or 
"OFF". Also unlike a CRT or LCD in which gray levels 
are expressed by analog control of the light emission, a 
PDP controls the gray level by modulating the number 
of light pulses per frame (sustain pulses). This time- 
modulation will be integrated by the eye over a period 
corresponding to the eye time response. For a better 
understanding, it will be reminded that to perform a grey 
scale rendition, a PDP is commonly divided in sub-light- 
ing periods called sub-fields, each one corresponding 
to a bit of the input video picture data. For clarification, 
a sub-field is a period of time in which successively the 
following is being done with a cell. 

1 - there is a writing/addressing period in which the 
cells is either brought to an excited state with a high 
voltage or left on its neutral state with lower voltage, 

2 - there is a sustain period in which a gas discharge 
is made with short voltage pulses which lead to cor- 
responding short lighting pulses. Only the cells pre- 
viously excited will produce lighting pulses. There 
will not be a gas discharge in the cells in neutral 
state, 

3 - there is an erasing period in which the charge of 
the cells are quenched. 

[0003] In some specific plasma driving schemes, the 
addressing or erasing periods are not present in each 
sub-field. However, there is always a sustain period cor- 
responding to the lighting of the panel. 
[0004] More sustain discharges or pulses correspond 
to more peak luminance. More sustain discharges cor- 
respond also to a faster ageing of the corresponding cell 
phosphor. This phosphor ageing produces a loss in dis- 
played luminance for the corresponding cell. If the same 
picture is displayed for a long time, the panel cells will 
not age at the same rate and a ghost picture (of the per- 
manently displayed image) will be clearly perceptible to 
the human viewer (image sticking). In other words, the 
ghost image corresponds to the picture still visible as a 
shadow on every other scene, when this picture has 
been displayed a long time on a screen. For some pan- 
els that have displayed for an extremely long time the 
same picture, the ghost levels may become unaccept- 
able, and the panel may have to be written off at a very 
early point in its lifetime. CRTs also suffer from same 
problem, but at a substantially lower degree. 



[0005] In today's PDP manuals the user is strongly 
warned of the burn-in problem and of the pictures that 
might cause it. The user is at the same time warned that 
warranty will not cover burn-in damage. The reason for 
this is, that the PDP burn-in problem is one of the un- 
solved problems of PDP technology. The burn-in prob- 
lem can be divided in a short-term burn-in and a long- 
term burn-in. On a PDP, two kinds of ghost images are 
existing : 

In "Short term burning-in" : the ghost image (3 to 5 
% of its original brightness) is mainly a positive im- 
age ("burned" cells are brighter than others) which 
will disappear after a short time (some minutes up 
to some hours). The origin is not completely clear 
yet but it seems that this effect is related to some 
kind of charges which have been accumulated dur- 
ing the time a cell stays ON. Later these charges 
improve the luminance emitted by the cell even if 
only priming is active in the frame period. 
In "Long term burning-in" : the stable sticking image 
is a negative image ("burned" cells are darker than 
others) related to a kind of aging of the plasma cell. 
The cumulative amplitude can go up to 50% loss of 
luminance. The long term burning is the more criti- 
cal issue since this effect is not reversible and could 
reach 50% luminance loss. All known ways of deal- 
ing with the long-term bum-in problem are preven- 
tive while this invention proposes a solution that can 
be considered corrective. 

Invention 

[0006] In view of that, it is the object of the present 
invention to provide a method and a device for compen- 
sating bum-in effects on display devices containing a 
plurality of luminous cells. 

[0007] According to the present invention this object 
is solved by a method for compensating bum-in effects 
on display devices containing a plurality of luminous 
cells by recording an activity value of each or a group of 
said cells and controlling the gain of the signals for said 
cells on the basis of said recorded activity value. 
[0008] Furthermore, the above mentioned object is 
solved by a device for compensating burn-in effects on 
display devices containing a plurality of luminous cells, 
said device being connectable to the signal path of said 
display device, including recording means for recording 
an activity value of each or a group of said cells and 
controlling means connected to said recording means 
for controlling the gain of the signals for said cells on the 
basis of said activity value. 

[0009] Further favourable developments of the 
present invention are set out in the sub claims. 
[0010] Thus, according to the present invention there 
may be created a digital map of the cell usage that can 
be used for active burn-in compensation of the long 
term-term burn-in problem. Consequently, there is sug- 
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gested a way of compensating burn-in effects which can 
be used to recover panels that have been misused, i.e. 
have displayed for a long time the same picture. 
[0011] The digital map of cell usage requires large 
memory resources, which makes the present imple- 5 
mentation of the idea expensive, but which will become 
more and more affordable in the near future, taking in 
consideration the dramatic constant price-erosion of 
memories. 

Drawings 

[0012] Exemplary embodiments of the invention are 
illustrated in the drawings and are explained in more de- 
tail in the following description. The drawings showing in 

Figure 1 a diagram of panel efficiency; 

Figure 2 the diagram of Figure 1 for defining the 
range of gain for which the correction is performed; 

Figure 3 a block diagram of the signal processing 
for the burn-in compensation of the present inven- 
tion. 

Figure 4 sustain integration means in further detail; 

Figure 5 the implementation of a burn-in gain con- 
trol; 

Figure 6 a burn-in multiplier in further detail; and 

Figure 7 a hardware architecture for an active burn- 
in compensation. 

Exemplary embodiments: 

Active Burn-in Compensation Principle 

Panel burn-in characteristic 

[0013] On Figure 1 a diagram of panel efficiency is 
shown. This curve, to be denoted as panel burn-in char- 
acteristic, will be stored on a look-up table. This curve 
is a function of the panel technology. It shows a very 
strong drop of the panel efficacy, i.e. a very strong aging 
in a critical domain, at the beginning of the life time of 
the display panel. Subsequently, there is a slight aging 
in a medium domain and further on during the working 
time of the panel there is no serious aging in a stable 
domain. 

[0014] The principle behind the active correction cir- 
cuit will be to determine the actual operation point (HO, 
GO) as depicted in Figure 2. HO is the number of panel 
equivalent operation hours (this number takes in con- 
sideration whether panel has displayed mostly dark or 
bright pictures). Once HO is known, GO is also known, 
being GO the panel expected luminous gain, for a panel 



4 

having HO hours of operation. 

[001 5] Now the principle is as follows. For a damaged 
panel (the correction only makes sense for a damaged 
panel), the user will specify the range [Gmin Gmax] to 
which the correction is to take place, for example with 
the bum-in control signal BURNIN-CTL shown in Figure 
3. This range might be for instance 10% around central 
value GO. This range will be set near to zero for very 
slightly damaged panels, and might be even higher than 
10% for extremely burn-in damaged panels. 
[0016] Compensation will be performed by a variable 
gain multiplier (bum-in gain). This means that cells that 
have been substantially more used than the average will 
be steered with gain 1 .00 (to avoid exceeding digital 
range 0-255), cells that have had an average use will 
be steered with gain 0.90, and cells that have had min- 
imum use will be steered with gain 0.80. The individual 
cell correction is possible because there is an accurate 
cell usage map, which can be translated in equivalent 
operation hours, and so an individual cell burn-in calcu- 
lator can be evaluated. 

[0017] The required correction level can be adjusted 
by the user, resorting to an internal test pattern (middle 
gray level). He has only to adjust the correction param- 
eter so that this test pattern will no more suffer from 
ghost pictures. 

Amount of SDRAM space required for the cell usage 
map 

[0018] The cell usage map is obtained by accumulat- 
ing all information relative to the lighting period of said 
cell. 

[0019] Each cell will light approximately 1000 times 
per frame. 

60 frames per second 

3600 seconds per hour 

100000 maximum hours of operation 

1000*60*3600*100000=2.1 6 x 10 13 

48 bits are enough for 2.81 x 10 14 
[0020] So if 48 bits are taken per cell: 

W-VGA: 853*480*3 = 1 228 320 cells 



W-XGA: 1365*768*3 = 3 144 960 cells 

[0021] The number of required bits will be: 

W-VGA: 58 959 360 (fits within a single 64 Mbit 
SDRAM) 

W-XGA: 150 958 080 (fits within a single 256 Mbit 
SDRAM) 
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[0022] Following flash memory would be required: 
64 Mbit flash forW-VGA 

1 28 Mbit flash for W-XG A if the last six bits are not stored 
(rounding to a multiple of 64 sustain pulses seems to be 
quite acceptable) 

Circuit Implementation 

[0023] In this section there is described a possible cir- 
cuit implementation for the dynamic burn-in compensa- 
tion. The signal processing architecture will be de- 
scribed first, and in a short final section a possible hard- 
ware architecture will be described. On this presentation 
buses will be given a bitwidth which should be under- 
stood as a help for the presentation and which in an ac- 
tual implementation may differ. 

signal processing 

[0024] On Figure 3 it is depicted how the bum-in com- 
pensation might be implemented: 
[0025] The signal processing units for the compensa- 
tion algorithm are integrated into a usual signal process- 
ing system for a plasma display panel 1 . The video sig- 
nals for red, green and blue colours, R, G, B are put into 
a video-degamma unit 2. In this example the input sig- 
nals have a bit length of 8 bits, i.e. bit 0 to bit 7. The 
output signals are further processed under the control 
of a control circuit 6 by sub-field coding means 3, sent 
to frame memory 4 and converted in a serial/parallel 
converter 5 for driving the plasma display panel 1 . The 
control circuit 6 is a Peak White Enhancement Controller 
6, which obtains an average power AP for each picture 
from an average power measuring device 7 connected 
to the video-degamma means 2. The burn-in compen- 
sation means is connected between the video-degam- 
ma means 2 and the subfield coding means 3. As will 
be explained in more detail hereafter, the burn-in com- 
pensation means comprises a burn-in multiplier 1 1 con- 
nected at the output of the video degamma means 2, a 
burn-in gain control circuit 10, a burn-in memory 9 and 
a sustain integration circuit 8. 

[0026] The compensation algorithm can be decom- 
posed in two parts. The first part integrates the total 
number of sustain pulses that a cell has lighted during 
its life-time. The block sustain_integration 8 is a simple 
add accumulation block that essentially accumulates on 
external SDRAM memory 9 total life-time sustain puls- 
es. In order to know the number of sustain pulses cor- 
responding to a cell digital value, it is required to know 
the PWL[7:0] factor given by the Peak White Enhance- 
ment controller 6. This PWL[7:0] value will be high for 
dark pictures (low energy luminance content) and low 
for bright pictures (high energy luminance content). 
[0027] The second part retrieves cell usage informa- 
tion from external SDRAM memory 9, and evaluates on 
block burn-in gain control 1 0 for every cell an estimation 
of equivalent hours that has been lit. It also evaluates 
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an estimation for the panel average usage. Finally it 
generates three correction multiplying factors MR[9:0], 
MG [9:0] and MB [9:0], which is higher for cells with 
above average usage and lower for cells with below av- 

5 erage usage. The multiplication burn-in correction is 
performed on block burnjn multiplier 11 by multiplying 
the signal levels R, G, B of the video-degamma means 
2 with the multiplying factors MR, MG, MB. The R, G, B 
signals R(9:0), G(9:0), B(9:0) from the block 1 1 are sent 

10 to the sub-field coding circuit 3 for further processing 
taking in account the long burn-in problem. 

sustain integration 

15 [0028] On Figure 4 the sustainjntegration block is 
further detailed. This block is essentially composed of 3 
multipliers and 3 adders, being a standard multiply and 
accumulate stage. 

[0029] The input signals of the burn-in multiplier 1 1 R, 
20 g, B having a bit length of ten bits are multiplied with a 
PWL factor from the PWE controller 6 by respective mul- 
tipliers MULT. The output signals SR, SG, SB are added 
to the sustain values SRi, SGi, SBi of the burn-in mem- 
ory 9 by adders ADD in order to obtain the output sustain 
25 signals SRo, SGo, SBo for the burn-in memory 9. 

burn-in gain control 

[0030] Block burn-in gain 10 might be implemented 

30 as depicted in Figure 5. 

[0031] This block contains three hour estimators 12. 
It is actually a multiplier which multiplies the total number 
of displayed sustain pulses by a constant factor to obtain 
the equivalent hour usage. This factor is directly used 

35 for defining working hours when the experimental power 
burn-in characteristic was traced. 
[0032] The block hour average 13 is used to obtain 
an average over all panel cells of the hour estimation 
values. The four thus obtained hour values HR[15:0], 

40 HG[15:0], HB [15:0] and HO [15:0] are then transformed 
by the panel burn-in characteristic look-up table 14 in 
the corresponding estimated luminance efficacy (lumi- 
nance gain): GR[9:0], GG[9:0], GB[9:0] and GO [9:0]. 
[0033] The average panel gain GO [9:0] is then 

45 mapped to a gain range where correction will be effec- 
tive in block gain_range 15. This gain range 15, [Gmin 
Gmax], has to be directly controlled by the user function 
of panel damage, by means of parameter BURNIN_CTL 
[7:0]. It should be zero for instance if no burn-in mark- 

50 ings are seen on the panel. 

[0034] The block gainjimiter 16 limits the cell lumi- 
nance gain factors to the just evaluated correction gain 
range. 

[0035] Finally the gain_window block 1 7 maps the lu- 
55 minance gain factors to correction factors: 

Gmin -> 1 .00 
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GR -> 1 .00 - (GR - Gmin) 



GG -> 1.00 - (GG - Gmin) 



GB -> 1.00 -(GB- Gmin) 



Gmax-> 1 .00 - (Gmax-Gmin) 

burn-in muftiplier 

[0036] The burn-in multiplier 11 shown in Figure 6 is 
composed of the 3 multipliers that perform actual burn- 
in active correction. The output signals MR, MG, MB of 
the burn-in gain control 10 are multiplied by the input 
signals Ri, Gi, Bi form the video-degamma means 2 to 
obtain the output signals Ro, Go, Bo forthesubfield cod- 
ing means 3 and the sustain integration means 8. 

hardware architecture 

[0037] A practical implementation for active burn-in 
compensation might be realized according to Figure 7 
(for W-VGA panels, but for other resolutions the same 
would apply with the corresponding memory sizes): 
[0038] Most blocks will be probably integrated on the 
plasma controller ASIC 18. Located externally to the 
controller 18 there will be the memory !cs 9a, 9b, be- 
cause such huge required Ics can not be easily integrat- 
ed on the controller 8. 

[0039] On the proposed solution (but it should be not- 
ed that other solutions are possible) there are two indi- 
vidual memory buses: Ds[31 :0] for storing the 2 frames 
subfield information (subfield bus) and Db[31 :0] for stor- 
ing burn-in information (burn-in bus). New in this con- 
nection is the burn-in bus Db. 

[0040] The operation principle is as follows: every 
time the panel 1 is powered-up, the controller 18 will 
quickly transfer all burn-in information stored on non- 
volatile FLASH memory 9a, to the external SDRAM 9b. 
During normal operation burn-in data will be read and 
written back from the SDRAM 9b, which allows fora very 
fast access and an almost unlimited number of writing 
operations. Finally when during power down data will be 
again transferred from the SDRAM 9b to the non-volatile 
FLASH 9a. For correct operation, and for the first time 
that panel is powered, then contents of the FLASH 
memory 9a should be obviously zero. 
[0041] In an actual implementation some care will 
have to be taken that data is never lost. If the cell usage 
map is lost it can not be recovered, and burn-in active 
compensation possibilities are irreversibly lost for the 
panel in consideration. This is essentially a data security 
problem, for which there are known proven techniques, 
and which does not belong to the scope of this patent. 
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[0042] Thus, the present invention provides the fol- 
lowing advantages: 

The long time burn-in artefact is digitally compen- 
5 sated in an active way. 

The recovery of panels that otherwise would have 
to be written-off is possible. 
The panel life time especially in professional appli- 
cations, were the same kind of image is displayed 
for a long time (e.g. airports, libraries, train stations), 
is extended. 



Claims 

1 . Method for compensating burn-in effects on a dis- 
play device (1) containing a plurality of luminous 
cells by 

recording an activity value of each or a group 
of said cells and 

controlling the gain of the signals for said cells 
on the basis of said recorded activity value. 

Method according to claim 1 , wherein the display 
device (1 ) includes a Plasma Display Panel and the 
activity value is based on a frequency and/or a total 
number of sustain pulses having been used for driv- 
ing said cells. 

3. Method according to claim 1 or 2, wherein said re- 
cording includes storing said activity value in a 
memory (9). 

4. Method according to claim 2 or 3, wherein a number 
of sustain pulses is calculated on the basis of peak 
white levels of pictures. 

5. Method according to one of the claims 2 to 4, where- 
in said activity value includes a temporal value cal- 
culated on the basis of a number of sustain pulses. 

6. Method according to one of the claims 1 to 5, where- 
in said controlling of the gain includes setting a gain 
on the basis of a look-up-table with said activity val- 
ue as input signal. 

7. Device for compensating burn-in effects on a dis- 
play device (1) containing a plurality of luminous 
cells, said device being connectable to the signal 
path of said display device (1), including 

recording means (8, 9)f or recording an activity 
value of each or a group of said cells and 

controlling means (10) connected to said re- 
cording means (8, 9) for controlling the gain of the 
signals for said cells on the basis of said activity val- 
ue. 

8. Device according to claim 7, wherein said display 



EP 1 376 520 A1 



15 



20 



25 



30 



35 



40 



45 



50 



55 



5 



9 EP 1 376 520 A1 

device (1) includes a Plasma Display Panel and 
said recording means (8, 9) includes a sustain inte- 
gration means (8) for calculating said activity value 
on the basis of a frequency and/or a total number 
of sustain pulses for driving said cells. s 

9. Device according to claim 7 or 8, wherein said re- 
cording means (8, 9) includes memory means (9) 
for storing said activity value. 

10. Device according to claim 8 or 9, wherein said re- 
cording means (8, 9) includes peak white level de- 
termining means (6, 7) connected to said sustain 
integration means (8) for calculating a number of 
sustain pulses on the basis of peak white levels of 
pictures. 

11. Device according to one of the claims 8 to 10, 
wherein said controlling means (10) includes hour 
estimation means 1 2) for calculating a temporal val- 20 
ue on the basis of a number of sustain pulses as 
activity value. 

12. Device according to one of the claims 7 to 11, 
wherein said controlling means (10) includes look- 25 
up-table means (1 4) for setting said gain on the ba- 
sis of a look-up-table with said activity value as input 
signal. 
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